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SUMMARY . 

A low-speed investigation w a s  conducted i n  the Langley s t ab f l i t y '  
tunnel t o  determine the s t a t i c  longitudinal s t a b i l l t y  and control  char- 
ac te r i s t ics  of two wing-fuselage  combinations equipped with  wing-tip 
controls o f  half-diamond and half-delta  plan.  form. One wing w a s  basi- 

formed by incorporating a sweptback t r a i l i n g  edge i n  the  basic w i n g .  
The half-delta  t ip  controls were 10 percent of the area of the  basic 
equilateral-triangular  plan form, and the half-diamond t ip   controls  were 
5 and 10 percent o f  the.  same area  (control  areas  are the 6um of r ight  
and left  t i p  controls). . ' _  

i .. ca l ly  a 60' triangular wing of aspect  . ratio 2.31; the  other wing was 

The resul ts  o f  the  investigation show tha? the l i f t  effectiveness 
.at low l i f t  coefficients of both  the  half-dexta and  half-diamond con-' 

. t r o l s  was lower on the  modified wing than on the basic wing;  however, 
the  pitching-moment effectiveness was about the same on both wing con- 
figurations. Although there was l i t t l e  dffference  in  the lift effec- 
tivenesa a t  low lift coefficients between the  half-delta and half-  
diamond controls  of  the same area on either  the  basic o r  modified wings, 
the pitching-moment effectiveness was greater f o r  the  half-delta  than 

- for ' the  half-diamond control. The decrease in lift and.pitching-moment 
effectiveness with an increase  in lift coefficient was less marked fo r  

higher  control  effectiveness was ob3ained ne& the stall  f o r  the 
modified-wihg configurations than f o r  the basic-wing configurations. ~ 

- the modified-wing than f o r  the  basic-wing  configurgtions and therefore 

The resul ts  also showed ,that the half-delta control produced higher 
F maxim trim-lift coefficients  than the half-diamond.contro1 on e i ther  

the  basic o r  modified wing. Higher m a x i m - t r i m  l i f t  coefficients were 
i -  

c 
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obtained  with a particular  control when mounted on the  modified wing 
than when mounted on the  basic wing but  at   the expense of s ta t ic   longi-  
tudinal..   stability. 

The decrease.in  the  ratio of t r i m  l if t-curve  slope  to wing l i f t -  
curve  slope whfch occurred  with an increase  in   s ta t ic  margin was greater 
on the  basic wing than on the  modified wing. The r a t - io   o f the  lift- 
curve  slopeb was not  affected by the changes i n  control shape o r  s i ze  
considered in this  investigation. 

INTRODUCTION 

Because wings of triangular plan form  combine certain aerodynamic and 
structural   characterist ics which a re  advantageous fo r  high-speed f l igh t ,  
@ appreciable amount of experimental  research has  been  conducted in  order 
to   invest igate   their  aerodynamic characterist ics over a  wide speed  range 
( f o r  example, see  references 1 t o  3 ) .  The- problem of  providing  adequate 
longitudinal  control  for  triangular wings,  -however, has not  been  inves- 
tigated  extensively. Some investigations of trailing-edge  flap  controls 
have shown that this   type of control  generally has good control  effec- 
tiveness a t  moderate  speeds (references 4 and 5 ) ,  but  the  inherently 
high  hinge moments of' this  type of control and the  possible  1oas.df 
effectiveness  at  transonic. speeds a s  indicated  by  rolling experiments 
(references 6 and 7) make i t s  su i t ab i l i t y  somewhat uncertain a t   t r a n -  
sonic and supersonic  speeds. 

1 .  

The .I.esults  of some free-flight  rocket- tests (references 7 and 8) 
have indicated that half-delta-wing t i p  controls  provide  reasonable I 

lateral  control  effectiveness at high  subsonic,  transonic, and low super- 
sohic  speeds. This type o f  controL.also  permits a wide choice o f  control- ! 

I 
hinge  location and,  hence, provides  opportunity  for aerodynamic bslance 
o f  hinge moments.  The f eas ib i l i t y  of using  such  controls  to  provide 
longitudinal t r i m  and control through the  speed  range  has  not--been . 
established. ' 

In order  to provide a more complete  unders-tanding  of the low-speed 
characterist ics of t ip   controls ,  a research program is being  conducted 
Pn the Langley s tabi l i ty   tunnel .  A s  part-of this program, the  effects 
of  symmetrical deflection of  t ip   controls  og the   rol l ing and longitudinal 
characterlstics o f  a 60° triangular-wing model were investigated and 
reported  in  references 9 and 10, respectively. .The lateral  control  char- 
ac te r i s t ics  of the same m d e l  are presented in reference 11. The present ' 
investigation i s  concerned with  the  s ta t ic  lon itudinal s t a b i l i t y  and con- 
trol effectiveness  charact.eristics o f -  a basic too  triangular wing-f'uselage 9 

combinstion  and o f  a modified 600 tr iangular wing-fuselage  combination 

. -  
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? with t i p  controls of half-delta and .half-diamond plan form. -The basic 
triangular wing  had 60° sweepback of the leading edge F d  au aspect 

by the  incorporation of some sweepback o f  the   t ra i l ing  edge. The modi- 
fications were t e s t ed   t o  determine the  effect  of a longer  control moment 
arm and of moderate changes t o  the  basic plan form. 

i ra t io  of 2.31; the modified wing differed  from'the  basic wing primarily 

Theoretical   control  effectiveness  characterist ics  for  t ip  controls 
are  lacking; however, the  theory f o r  .wings of arbitrary  plan form pre- 
sented - i n  reference 12 is compared with  the  experimental  results where 
applicable. . . 

! 

SYMB0I.s 

- 
The data  presented  herein  are  in  the form of standard NACA symbols 

and coefficients o f  forces and moments which are  referred t o  the  s t a -  
b i l i t y  system of axes with  the  origin  at   the  projection of the  calcu- 
lated  quarter-chord  point  of.the mean aerodynamic chord on the  plane of 
symmetry.  The posit ive  direction of the  forces, moments, and angular 
displacemdnts is shorn i n  figure 1. The coefficients and symbols used 
herein  are  defined  as follows: 

7 

I 
' I  

I 

! 
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lift coefficient (z) CL 

C b  maximum li f t   coe f f i c i en t  
.\ 

CD CD drag  coefficient 

pitching-moment coef f ic ien t .  Cm -. moment 
Cm -. pitching-moment coefi . 

wing aspect  ratio (.w'/.w) A 

. b w  ' wing span - perpendicular-to  the  plane of symmetry, f ee t  

sw wing 'area,  including  contkol  area,  square  feet 

S C  - control  area,  square  feet 

I 

! 

A. 

C local  wing chord' para l l e l  t o  the  plane of symmetry, fee t  

c 
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wing mean aerodynamic chord paral le l   to   the  plepe Of 

symmetry, feet  
. .  

distance  rearward from leading edge of  root chord t o  assumed 
center of  gravity ( F / 4 )  para l le l  to the  fuselage  center 
l ine,   feet  - 

distance f'rom -sued  center  of gravity (F/4) to  center of 
pressure of  load due t o  control def lec t ion   para l le l   to   the  
fuselage  center  line  (negative when center of  pressure is 
rearward of center of gravfty),   feet  

. .  distance rearward .from  assumed center of gravity  to  control 
hinge  l ine  parallel   to  the  fuselage  center  l ine,   feet  

spanwise.distance  perpendicular to  the  plane o f  symmetry, 
feet . .  

density of air, slugs per  cubic foot 

free-stream velocity,  feet  per second 

dynamic pressure, pounds per  square foot (g)  
angle of a t tack.  of wing chord  l ine  in  plane of symmetry, 

degrees 

symmetrical def lec t ion   of ' l e f t  and right  controls f'rom wing- 
chord piane (posirtive when t r a i l i ng  edge i s  down), degrees 

angle of sweepback ofl"-wing leading edge, degrees 

angle of sweepback of  control  leading edge, degrees 

cLs = - &L as 

b 

r .. . 
I 

- 

. I  
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t t r i m  

APF'ARATUS, MODEL, AND TESTS 

The present  investigation was conducted in the  6 -  by  6-foot  test  . 
section of the Langley s tab i l f ty   tunnel  with the mo&el mounted- o n  a 
single-strut  support .and pivoted about the quarter-chord  point of ' the 
mean aerodynamfc chord o f  khe basic triangular wag. Forces  and moments 

. ' were measured by means of a six-component balance system. 

The component parts of  the model were constructed  primarily of 
laminated mahogany and consisted of  a tr iangular wing with the leading 
edge  swept back 600 and a fuselage of  circular  cross  section.  Pertinent 

sented f n  figure 2 and table  I. The basic  tr iangular wing had an aspect 
r a t io  of 2.31 and modif id '  W A  65(06)-006.5 a i r f o i l  sections p ~ ~ ~ i l l e l  
to  the  plane of symmetry.  The basic model was the same as that used i n  

. the  investigations  reported  in  references 9 t o  11. For  the present  tests,  
'however, the  half-delta  controls .of 10 percent of the  wing area (sum l e f t  
v d  right control  areas) on the basic wing were alternately  replaced  by 
h a l f - d i k n d  t ip   controls  of 5.3 and 10 percent of  the WFng area. The 
plan form of the  basic wing was also modified t o  include a sweptback.. . 

t r a i l i n g  edge. As a r.esult of  the  modification and fa i r ing  of the sur- 
face,  'the  .rearward  part of t h e '   a i r f o i l  contour in the   v ic in i ty  of the 
modification, changed f r o m  t h e .  original NACA 65( 06) - ~ 6 . 5  section t o  a 

' f l a t  contour. The  same half-diamond and half-delta t ip   controls  were 
tes ted  on the modified wing;  howeyer, the  control  areas were now only 
4.4 and 8.5 percent of the wing area since  the  area of the  wing was 
increased  by  the  modification. Throughout the remainder of t he  papen 

controls and the 8.3- and 10-percent-area c.on.trols as the  large  controls. 

.. geometric characterist ics of the  basic-and modified-wing models are pre- ' .  

b. 

. . . the 4.4- and 5.3-percent  area  controls w i l l  be referred t o  as  the small 

I 

. .  
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. Photographs of the  =del as mounted i n  the 'tunnel are  presented in 
, figure 3. _ _  

The t e s t s   cons i s tH  of measuremen'ts of .lift, drag, and pftching 

t ions of loo, Oo, . -loo, -20°, .-30°,- and -&Oo for  each model configuration. 
c moment through an angle-of-attack  range of  -4' t o  3 6 O  for control  deflec- 

i 

t 
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In 'addition, a control  deflection of -5O was used for   the two half- 
diamond control  surfaces on the niodifled triangular wing. 

All t e s t s  were made a t  a dynamic pressure of 39.7 pounds per  square 
foot. The t e s t  Mach  number was 0 17 and the t-est-Reynolds number 
ranged from about- 2.00 x 106 t o  2.13 x 106 depending on the mean aero- 
dynamic chord f o r  each  configuration. 

CORRECTIONS 

Approximate jet-boundary  corrections  based on unswept-wing concepts 
were applied t o   t h e  drag coefficient and angle of attack. The  dynamic 
pressure and drag  coefficient were corrected f o r  the  effects  of  blocking 
by the methods of  reference .l3. The data have not  been  corrected  for 
the  effects  of-the  support-strut  tares which, with  the  exception of  the 
drag  tare,  are  believed  to  be  small. 

RESULTS AKD DISCUSSION 

Presentation o f  Results 

The basic data  (variations of a, Cm and CD with C L  fo r  con- 
t rol   def lect ions of loo t o  -4OO) are  presented in   f igures  4 t o  9 .  The 
variation o f  the l i f t  and pitching-moment effectiveness  parameters 
(Cb and C through  the  lift-coefficient  range  are  presented in. f ig-  

ure 10. These parameters were detei.mined from slopes of fa i red  curves 
meaaured near S = 00 .which generally were l inear between 8 = 100 
and 6 = -2OO. The effects  of control  area and plan form on the  control 
effectiveness and c6ntrol  center of  pressure, measured near  zero lift 
and zero control  deflection,  are  presented I n  figure 11. A comparison 
of  experimental and theoretical-l if t   effectiveness i s  presented in f ig-  
ure 12. The effects  of varying  the  static margin on the  available t r i m  
lift coefficient  with  various  control  deflections  are shown in  f igure 13. 
The effects of s t a t i c  margin, control area, and plan form on the t r i m  
lift-curve  slope (u = Oo, 6 = Oo) are  shown in   f igure 14. 

% ) 

Preliminary Remarks 

The analysis of the  present  paper  deals  mainly  with  figures 10 t o  
14 and, therefore, only brief  consideratian i s  given to   the   bas ic  data 
( f igs .  4 t o  9 ) .  Changing ,the  control  plan form from the  large half- 
del ta   to   the  large half-diamond on either  the  basic-  or modified wlng- 

I 

I 
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$ configurations had little effect on C h ,  but  decreased  both C h  

and C q  s l i gh t ly  as can be  seen from table  I. Reducing the  area of 

the  half-diamond control from 10 t o  5.3 percent of the-wing  area  appreci- 
ably reduced both C h  and- CW and increased C I , ~  slightly 

L 
( tab le  I). The difference between the  values of the  parameters C h ,  
C h ,  and Cmc obtained  with a particular  control  .surface on the  

basic-triangular-wing and the.modified-triangular-wtng configuration '. 

were generally small. The curves of  Cm against C L  f o r  the modified- 
wing configurations,  par6icularly  those with a moderate negative con- 

. t rol   def lect ion,  in general,  exhibit a decrease in s ta t ic   longi tudinal  
s t a b i l i t y  at about CL = 0.5; this decrease i n   s t a b i l i t y  appears  only 

, s l igh t ly   for   the  basic-wing configuration (compare f igs .  7 t o  9 with 
f igs .  4 t o  6 ) .  

5 L -  

L 

Since tares  have not been applied to the  drag-coefficient  data, 
absolute  values m e  not  considered  representative of free-air  conditions. 
Incremental  values ( f o r  example, the ckag coefficient due to   control  
deflection), however, should  be  reliable. .. 

3 Inasmuch as comparisons of  the  control  effectiveness between t i p  
controls, such as  tested  herein, and trailing-edge  flap  controls were 
made i n  reference 10, no such comparisons will be  included  herein. 

Effect of Control Area and Plan Form on Control  Characterfstics 

-Basic  configuration. - The data in  figure 10(a) show that changing 
from half-del ta   t ip   controh.  to half-diamond t ip   controls  of equal  area 
caused a slight  reduction in  the   l i f t   e f f ec t iveness  - C h  over most of 

the  l i f t -coeff ic ient  range. The values of  C$ f o r  both  10-percent- 
area  controls, however,. decreased  with an increase i n  CL s o  that,, a t  
about C k , ,  the  values o f .  C b  became negative. The small half- 

diamond tip  controls had less than half  the lift effectiveness of  the 
large half-diamond coqtrols  at low l i f t  coefficients. Although the lift 
effectiveness of the small control was  greater  in-  proportion t o  i t s  
area  than  the  large  control  at  high lift coefficients, i ts  lift effec- 
tiveness  also became negative at about C h .  

The pitching-moment effectiveness (&- of the   half-del ta   t ip  con- 

t r o l  was greater than that for   the half-diamond controls of the same 
size.  The value of Cms f o r  each of the  large  controls  decreased  with 

c .  

- 
.I 

i 

i 

i 
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an increase i n  C L  so t h a t ,   a t  CL = 1.0,. the  control  effectiveness 
was .about half of  that a t  CL = 0 ( f ig .  10( a) ) . Although the small 
half -diamond control was l e s s  than  .half as effective  as  the  large half- 

. diamond control  at  low l i f t   coef f ic ien ts ,  i t s  effectiveness  throughout . the  lift-coefficien-krange was  'essent ia l iy   constant  and, hence, at 
moderate and high lirt coefficients, it was more effective i n  propor- 
t i o n   t o  it3 area  than  the  large  control. 

The control  effe.ctiveness  parameters (measured a t  cL = o are pre- 
sented as functions of the  area  ratio Sc-Sw in  f igure 11. T L  

presented  in  figure 10 of .reference 10 for  the  half-delta  t ip  controls 
on the  basic wing. The data  presented  in  figure 11 show that,  although 

' the  values  of C % / C z ,  for  the  half-delta  and half-diamond controls 
are about the same, the  value of Cms for  the  half-delta  control i s  

larger  than  for  the  half-diamnd  control. This resul ts  from the   fac t  
that- the  area of the  half-delta  control is concentrated'farther rear- 
ward than the area of the half-diamond control arid, consequently, the 
center of pressure i s  farther rearward. 

c dashed curves shown in   th i s   f igure   a re   the  s&e as  the  empirical  curves 

A cornparison of the C L ~ / C &  , data  with  the  values  obtain$d f r o m  

the  theory  of  referenc-e . I 2  for  straight  tapered wings is presented in 
figure 12 and shows that   the  experimental and .theoretical  values of - 

C~&/ci;,. are general ly   in  .good agreement. .The two points  farthest .  from 

* -  
.. . . 

.. .. 

"- -. 
." 

. - .  .. . .  . .  . .  - 

the   l ine of perfect  correlation  are f o r  the modified-widg configuration 
which differs  considerably from 'a uniformly  tapered-wing confiw.ration 
and, consequerttly, the agreement. is somewhat-poorer. 

. . -.. 

The decrease in. CmB between the  half-delta and half-diamond con- - 
trois was greater.  f o r  the  small controls  than  for  the  large  cohtrols 
( fig.  11). This  condition was due *to  the  difference in design of the 
small and large  controls. For the  large  controls,  both  the  half-delta 
and half-diamnd  controls were hinged at .   the  same location, and the 
center-of-pressure  .difference was due only to   the  difference  in   plan 
form. The small half-diamond control.  also .waS hinged a t   t h e  same loca- 
t ion  as the  large  controls; whereas the small half-delta  control was 
located and hinged farther rearward (as can be  ascertained by comparing 
fig.  2 of t h i s  paper  with  fig. 2 of reference 10). The difference 
between the  centers  oppressure  for  the two smaller  controls is ,  conse- 
quently,  greater  than  for  the two larger  controls. 

It ' i s  important-.to  note that   the  comparisod between half-delta ' 

and half-diamond controls is  val id  only when the cbntrol-to-wing-area 
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The locations of  the  center of pres-sure (xc .p./F) of the  load 

due t o  control  deflection were computed from Cms/C~s  and are  presented 

in   f igure  ll. The data show the  approximate  magnitude of the chenge 
in  center of  pressure  resulting from modification of  the control  plan 

' form. It also  indicates that the.  manner i n  which the half-diamond area 
yas varied from 5.3 t o  10 percent of  the  wing =ea, f o r  the  preaent 

whereas a similar change i n  area for the  half-delta  controls  resulted ' 

i n  about  a 0.lE change in  center of pressure. 

I , 
L 

! 

' tests; resulted i n  ve ry   - l i t t l e  change in  the  control  cent-er of  pressure, . 

I 
I 

Modified configuration. - On the  modified configuration  (fig. 10(b) ) , 
the half-diamond t ip   controls  had s l igh t ly   g rea t e r  lift effective- 
ness C L ~  than the  half -de l t a   t i p  controls up t o  CL = 0.76, whereas 

. .  

f o r  the  basic  configuration the half del ta  had the 'greater lift effec- 
-, tiveness ( ffg.  10( a) ) . Above CL = 0.76, the half-diamond conhols  

I 

became less effective  than  the  half-delta  controls. The k h e s  of C% 
obtained with a particular  control,  at low lift coefficients, were 
lower on the  modified wing than on the  basic Xing. In contrast . to  i t s  
behavior ,for the basic wing, however, the  values of C b  f o r  the modi- 
f ied  wing w e r e  maintained, In general,  throughout the l i f t -coef f ic ien t  
?"age  and, consequently,  near  the s ta l l   the   va lue  of C% for a part ic-  . .  , 
ular  control was larger on the modified wing than on the  basic wing. t 

.j I 

L 

The small decrease in relat ive  control   area  to  wlng &ea Sc/& 
which occurred when the  controls were changed f r o m  the bas ic   to   the  
modified  wiag would not- be ewected t o  produce the  large  decrease 
in C & r ,  obtained  for a particular  control on the modified wing as' 

i 

compared t o  the CQ/C& f o r  the same control on the  basic wing ( f ig .  11). 

This  lower effectiveness may be   a t t r ibu ted   in  part to the   fac t   tha t  the 
part of the  load due t o  control  deflection whlch carries  over onto the - L 
wing affects  a smaller area on t he  modified wing than on the  basic wing 
(see  f ig .  2),  and, consequently, t he   t o t a l   l oad  is somewhat smaller. 

-. 

The half-delta control produced somewhat larger values of Cmg 
than the half-diismond control of the same -area on the  modified wing _ .  

of Cw f o r  a-  particular  control were approximately the same on the  
modified wing as on the  .basic w i n g .  The tendency of  C& t o  decrease - ' 

- .  (fig. .10(b) ) as on the  basic wing. A t  low lift coefficients,  the  values 

- 
I 

! 
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with  increasing. CL, however , &s not- 'so great , and, as a resu l t  , the 
controls on the modified wing  were more effective  at   high lift coeffi-  
cients  than on the  basic wing. 

The longer moment  arm of the va.rious control  surfaces when mounted 
on the modified wing as  compared-to  the  controls mounted  on the  basic 
wing i s  probably'  responsible  for  the.  fact  that  the  values o f  Cmg fo r  

a particular  control were. equal on ei ther  wing although  the  value  of- 
CL@ for  the corresponding control was lower on the modified w i n g  than 

on the  basic wing (see-  f ig.  2) .  The results  presented in figure 11 
indicate that the  center of pressure  for a particular  control was  approxi- 
mately 0.20'F fqrther rearward on the  modified wing than on the basic 
wing. 

Effect. of  Control .Area and Plan Form on T r i m  Characteristics 

Basic  configurat-ion.-  In  addition to the data f o r  the   tes t -s ta t ic  
margin ( -CqL) which was different f o r  each configuration  (table I),  the  

basic  data  (f igs.  4- t o  9 )  were -used t o  calculate  the t r i m  lift coefficient 
available  over  the  control  deflection range f o r   s t a t i c  margins of 0 . m  
and 0 . O Z  for.  each model configurat-ion where the test  sta-Mc margins 
were appreciably  different from these  values  (fig. 13). The values of 
s t a t i c  margin used tliroughout t h i s  paper.  are  values  for  the low lift- 
coefficient range. " 

As would be  expected, the  available C h  increased w i t h  an increase 
in control  area and a decrease i n   s t a t i c  margin for the  half-diamond 
controls  as it did  for  the,  half-delta  controls  (reference lo). A com- 
parison of  figures 13( a )  and l3( c)  indicates  that ,   for a given cont roL 
deflection and stat* margin, the  half-delta  control produced somewhat 

- example, at .O.O5F s t a t i c  margin, the  half-deltzr  control produced a m a x i -  
, higher  values of maximum C h  , t h a n t h e  half-diamond control. For 

mLull C L t  .of 0.75 C h a x  (a t  6 = -25O), whereas the half-diamond con- 

t r o l  produced a max$mum .Ck-.. af- only 0.66 C b a x  (at-- 8 = -300). The 
small half-diamond control produced a maximum C u -  of about -three- 
quarters of that produced-by  the  large half-diamond control at a s t a t i c  
margin of  about. O.O%, whereas at. a s t a t i c  margin of about O . O V ,  it 
could produce only  about  me-half of the  maximum C h  .. produced  by the 

large  control-  value  for -CmcL =. 0.07 for  the  larger  control can be 

obtained  by  int-erpolation between the  -CWL = 0.05 ' and -CwL = 0.08 

curves). 

( 

I 

b 
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. The curves  presented in   f igure 14 show tha t ' t he   r a t io  

decreased  wlth..an  increase i n   s t a t i c  margin f o r  a l l  configurations and. 
that   the  changes in   the  control  -shape o r  s i ze  considered in   this   inves-  
t igat ion  did not appreciably  affect  the  va1.e Of ( C h ) t / C k .  

Modified configuration.- The effects of changes in the  control size 
and plan form on C h  ( f i g s .   u ( d ) ,  l 3 ( e ) ,  and l3( f ) )  were much the 

same on the modified w i n g  as on the basic wing ( f o r  .eXmple, an increase 
in   area and a decrease in s t a t i c  margin increased  the  available maxi- 
rmzm CQ and also the  half-delta  control produced higher values Of CQ 

than. the  half-diamond control). A particular  control mounted on the 
modified wing,  however, produced higher  values o f  maxim CQ than  the 
same control mounted on .the  basic wing. A t  l o w  deflections,  the change 
i n  C a  with 6 was about the same for  both  basic and modifieit wfng . 

configurations; however,  above deflections of -10' ( f o r  a s t a t i c  margfn 
of 0 .O5F) , the  CN increases very rapidly  with 6 u n t i l  C h  is 
attained. These same trends  are  exhibited f o r  s t a t i c  margFn of O.O&, 
but to a lesser  degree. Although  a high maximm CQ is desirable, the 
high CLt obtainea on the  modified wing were obtained at the expense of 

s ta t ic   longi tudinal   s tabi l i ty .  Although t h e   s t a t i c  margin f o r  these 
cases was 0 . O y  at l ow values of CL, tlie s t a t i c   s t a b i l i t y  w a s  marginal 
o r  even unstable  for some cases at high  values of CL (above 0.5).  Thfs  
decrease i n   s t a b i l i t y   r e s u l t s  from the  unstable  breaks  in  the Cm 
against. CL curves mentioned prevlously. 

FXm. figure 14, it can  be seen  that   the  ratio ( C ~ a ) ) ~ / c k  * decreased 

with an increase   in   s ta t ic  margin similar in manner to. the  behavior for  
the  basic wing. The decrease, however, was ess marked such tha t ,  a t .  
a S ta t ic  margin of O.08EJ the  value of ( C k j : .  L, . was about 5 percent . 

higher On the modified wing than on the  basic wing. The changes i n  con- 
t r o l  area and size  considered  in this investigation had no appreciable 
effect on the  value of &nd, in   th i s   respec t ,  is similar to 

the  effect  obtained on the  basic wing. 

corn msrom 

An investigation made t o  determine the low-speed static  longitudinal 
s t a b i l i t y  and control  characterist ics of a basic 600 triangular-wing 
fuselage model and of a modified 60° triangular-wing  fuselage model 
having half-delta and half-diamond t ip   controls  has indicated  the f o l -  
lowing conclusions : 

! 

I 

I 

I 

! 

... 
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1. Although the lift- effectiveness a t  low l i f t  coefficients f o r  v 

both the half-delta and half-diamond controls w a s  lower on the modified 
wing than on the basic wing, the pitching-moment- effectiveness, due t o  - 
a somewhat longer moment arm, ua's approxfmately  the same for  the  basic- 
and modified-wing configurations. 

. .  

2. On either  the  basic  or modified wing there was l i t t l e  difference 
i n   t h e  lift effect-iveness  at-low lift coefficients between the half- 
del ta  and half-diamond controls of equal area, whereas the pitching-moment 
effect-iveness was lower for   the half-diamond than  for  the  half-delta 
controls. 

3 .  The decrease i n  lift and pitching-moment effectiveness w i t h  an 
increase  in.  1ift"coefficient was less  mafked for  the modified-wing con- 
figurations  than  for. the basic-wing configurations and resul ted  in  
higher  control  effectiveness  near the s t a l l   f o r  the modified-wing 
configurations. 

4. The half-delta  control..produced  slightly  higher maximum trim 
lift coefficients than the half-diamond control o f  the same area on 
both  the  bas'ic- and  modified-wing configurations. Higher maximum t r i m  

. lift coefficients were obtained when a particulw  controlwas.nounted on 
the modified wing than when mounted on the basic wing but at - the  expense 
of  static  longitudinal atability. 

. 

5 .  The decrease i n  the r a t i o  of t r i m  l i f t=curve  s lope  to  wing lift- 
cui-ve slope, which occurred w i t h  an increase in s t a t i c  margin, was 
greater for a control on the  basic wing than on the  modified w i n g  such 
that, at a s t a t i c  margin of O . m ,  the  value  for  the  basic wing was 
about 5 percent lower than  fpr  the modified wing. Changes in   control  
shape or   s ize  did not  appreciably  affecethe  ratio o f  the l if t-curve 
slopes . 
Langley Aeronautical  Laboratory 

Natlonal Advisory Committee for Aeronautics 
Langley Field, Va, 
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a Data obtained from reference 10. 
b w and P mean wing ana ,%elage, respectively. 
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Figure 1.- S t a b i l i i q  s y s t e m  of axes. h w s  indicate positive direction 
of forces, moments, and anguLar displacements. 
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Figure 2.- Sketch of the model. used in t h e  investigation. A l l .  diaensions are i n . h c h e s .  . .  



L-67435 
(a) Basic 60 triangular wing-fuselage configuration with 0.10OSJSw 

half-diamond controls. 

. o  ' 

Figure 3.- Photographs of the basic and  modified wing configurations  as 
mounted i n  the-Langley stability tunnel. 
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Figure 4.- Concluded. 
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Angle 'of uffuck, E, deg 

Figure 5.- Longitudhal   s tabi l i ty  and control  characterist ics of a 60' triangular wing-fuselage, combination  with 5.3-percent half- 
W o p d - t i p  controls. 
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Figure sa- Concluded. 
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Figwo 6.- Longitudhal'  stability and c o n t r o l   a r a c t e r i s t i c s  of a 
60 triangular wbg-fuselage combination with 10-percent half- 
diamond-tip controls. 
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Figure'6.- Concluded. 
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Angle of ottack, CC, de# . 
Figure 7.- Longi tudiml  stability aqd control  characteristics of a . ' . 60' mdiPied triangular wing-fuselage .combination with 8.5-percent 

halfdelta-tip controls. 
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P i g u m  8.- Longitudinal stability and control  characteristics of a. 60' modifled triangular wing-fuselage combination with .4.4-parcent 
half-diamond-tip controls. 
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Figure 9 ; -  Longitudinal  stability and control  characteristics of a 60' modified triangular wing-fuselage cmblnatioq with 8.5-percent 
hU-diamnd- t ip  controls. 
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Ffgure 9.- Concluded. 
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(a) EffeQt oh size and shape of the 
tip, control on the basic 60' tri- 
angular wing-fuselage cambinat$on. 
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(b) Effect  of sisa and shape of the - tip  control on the modifisd 
6oo trianguhr wing-fuselage 
combimtAon. 

F i g m  10. - Variation %6 and C 16th %. 
m g .  
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Figure 11.- Effect of cont ro l  area and plan form on the control  effec- 
tiveness and center  of  pressure  characteristics. a =. 0'; 6 = 0'. 
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Modified wing + fuselage 
Control 

a 0.085 S& half delta, 

D 0.085 S& half diamond 
n 0.oltr sc/* half diamond 
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cia: 

Figure 12.- Correlat ion of experimental and theoretical values of flap 
effectiveness. 

i 

I 

! 

! 



12 

10 

.a 

.6 

.4 

.2 

0 

s2 

-.4 
-40 -30 -20 -10 0 to 

Basic rr-rian@;ular wag 

(c) EKIT aambna 8 = 0;lOO. 

- Figure 13.- Effect of s t a t i c  margin on variation of t r im lift coefficient wia control  deflection for 
the various tip-contml. confY.gurations. Wing-fuselage comhinations. C"cr, a re  d u e s  at  CL = 0.  
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Figure 4.- Effec t  of control area plan form and stat ic  nrargin on the 
r a t i o  of trim M t - c m e  slope to wing  I l f t - c m e  slope. a - 0'; 
6 = 0'. 




